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Echocardiography has emerged as a sensitive study in 
the evaluation of pericardial effusion. The specificity of 
echocardiographic signs in cardiac tamponade remains 
undefined, however. Two such signs, early diastolic col-
lapse of the right ventricular free wall and late diastolic 
collapse of the right atrial wall, were observed in two 
patients without clinical evidence of cardiac tamponade. 
Increased intrapericardial pressure was documented in 
each patient. Accumulation of pericardial fluid under 
Although such echocardiographic findings as collapse of the 
right ventricular free wall in early diastole (1) and late di-
astolic collapse of the right atrial wall (2) have been de-
scribed as diagnostic of cardiac tamponade, their specificity 
remains undefined, Case histories are presented of two pa-
tients who had no clinical evidence of cardiac tamponade 
but had a large pericardial effusion and collapse of the right 
ventricular free wall in early diastole and collapse of the 
right atrial wall demonstrable echocardiographically. 
Case Reports 
Patient 1. A 32 year old man presented with cardio-
megaly on follow-up chest roentgenogram 5 years after re-
ceiving radiation therapy for mediastinal Hodgkin's disease. 
The patient appeared in no acute distress, His respiratory 
rate was 16 breaths/min, pulse 84 beats/min and inspiratory 
decrease in systolic pressure 10 mm Hg. 
Echocardiography showed a large pericardial effusion 
(Fig, 1), collapse of the right ventricular free wall in early 
diastole (Fig, 2), late diastolic collapse of the right atrial 
wall (Fig, 3) and normal left ventricular contractility with 
no evidence of valvular heart disease. Elective diagnostic 
pericardiocentesis revealed increased intrapericardial pres-
sure (Table I) and yielded 1, 100 ml of pericardial fluid; the 
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high pressure results in a reversal of the instantaneous 
transmural pressure gradients in early and late diastole, 
causing collapse of the right ventricular and the right 
atrial wall, respectively; however, such a tense pericar-
dial effusion may not cause hemodynamic embarrass-
ment severe enough to yield clinical signs of cardiac 
tamponade. 
(J Am Coil CardioI1985;6:467-70) 
results of cytologic examination and bacteriologic cultures 
were negative. Repeat echocardiography demonstrated con-
siderable reduction in the size of the pericardial effusion 
and disappearance of collapse of the right ventricular free 
wall and of the right atrial wall. 
Patient 2. A 32 year old man with acute pericarditis and 
chest pain was seen because his heart size was increased 
on chest radiography, He was not taking any cardiovascular 
medication, Physical examination revealed normal vital signs, 
an inspiratory decrease in systolic pressure of 6 mm Hg and 
no distension of jugular veins, A loud pleuropericardial 
friction rub was heard over the entire precordium, 
Echocardiography revealed a large pericardial effusion 
(Fig. 4), collapse of the right ventricular free wall in early 
diastole (Fig. 5), late diastolic collapse of the right atrial 
wall, normal left ventricular contractility and no evidence 
of valvular heart disease, Increased intrapericardial pressure 
was documented during elective diagnostic pericardiocen-
tesis, The intrapericardial pressure decreased to subatmo-
spheric levels (Table 1) after removal of 920 ml of peri-
cardial fluid, Follow-up echocardiography showed disap-
pearance of collapse of the right ventricular free wall and 
of the right atrial walL Cytologic examination and bacte-
riologic cultures of the pericardial fluid aspirate revealed 
negative findings, 
Discussion 
Echocardiographic evidence of cardiac tampon-
ade. Echocardiography is widely accepted as a sensitive 
study for the detection of pericardial effusion (3,4), Echo-
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cardiographic signs, such as right ventricular collapse (1), 
phasic respiratory variations in ventricular dimensions (5,6) 
and right atrial collapse (2), identify patients with cardiac 
tamponade. Inversion of the right ventricular free wall after 
mitral valve opening and late diastolic collapse of the right 
atrial wall are characteristic of cardiac tamponade. These 
two echocardiographic signs were present in our patients 
who did not demonstrate clinical evidence of cardiac tam-
ponade, that is, relative hypotension, tachycardia, tachy-
pnea, distension of jugular veins and pulsus paradoxus greater 
than 10 mm Hg. However, pulsus paradoxus or pulsus para-
doxus of less than 10 mm Hg has been described in patients 
with cardiac tamponade and concomitant large interatrial 
septal defect, significant aortic regurgitation, severe hypo-
tension (7) or increased left ventricular end-diastolic pres-
sure (8). A localized collection of blood, which may occur 
in patients after cardiac surgery, can compress the right side 
em 
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Figure 1. Patient l. Echocardio-
graphic apical four chamber view 
(left) and schematic diagram (right) 
demonstrating a large pericardial ef-
fusion (PE) extending around the apex 
of the heart. I = inferior; L = left; 
LA = left atrium; LV = left ven-
tricle; MV = mitral valve; R = right; 
RA = right atrium; RV = right ven-
tricle; S = superior. 
Figure 2. Patient 1. Parasternal short-
axis view at the level of the papillary 
muscles showing a large pericardial 
effusion (PE) encircling the heart and 
collapse of the right ventricular free 
wall (arrows). A = anterior; P = 
posterior; other abbreviations as in 
Figure 1. 
Figure 3. Patient l. Subxiphoid view 
of the heart demonstrating right atrial 
wall collapse (arrows). Abbrevia-
tions as in Figure 1. 
Table 1. Clinical and Hemodynamic Data 
Patient I Patient 2 
A B A B 
BP (mm Hg) 122170 120/80 140/80 152/86 
HR (beats/min) 84 80 90 84 
RR (per min) 16 16 18 20 
Pressures (mm Hg) 
PP 10 10 6 8 
IP + 17 -3 +9 -2 
RA 17 NR 12 3 
RV 30117 NR 26/12 22/4 
PCW 17 NR 13 6 
Column A represents data before pericardiocentesis and column B 
represents data after pericardiocentesis. BP = brachial artery blood pres-
sure; HR = heart rate; IP = mean intrapericardial; NR = not recorded; 
PCW = mean pulmonary capillary wedge; PP = pulsus paradoxus mea-
suring the inspiratory decrease in systolic pressure; RA = mean right 
atrial; RR = respiratory rate; RV = right ventricular systolic/diastolic. 
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Figure 4. Patient 2. Longitudinal 
parasternal view showing a large 
pericardial effusion (PE). AML = 
anterior mitral leaflet; AO = aortic 
root; PML = posterior mitral leaflet; 
other abbreviations as in Figures 1 
and 2. 
of the heart causing tamponade without pulsus paradoxus 
greater than 10 mm Hg (8). None of these conditions existed 
in our patients to explain the absence of pulsus paradoxus. 
Physiologically compressive pericardial effusions. 
Rifkin et al. (9) demonstrated progressively severe degrees 
of hemodynamic embarrassment in a canine model as they 
infused more fluid into the pericardial sac. Only the severest 
form of hemodynamic embarrassment produced character-
istic clinical signs of cardiac tamponade, which included 
tachycardia, hypotension and a decrease in the cardiac out-
put to less than 50% of baseline values as well as pulsus 
paradoxus greater than 10 mm Hg. However, they observed 
collapse of the right ventricular free wall in early diastole 
and collapse of the right atrial wall with mild to moderate 
degrees of hemodynamic embarrassment. Their study cor-
roborated the findings of Spodick et al. (10) that excessive 
accumulation of pericardial fluid is not physiologically inert. 
In that study, abnormal inspiratory decrease of left ventric-
ular ejection time with reciprocal changes of the preejection 
period were demonstrated in 14 patients with a large peri-
cardial effusion; none of the patients had a pulsus paradoxus 
greater than 10 mm Hg. 
Echocardiographic signs of tense pericardial effu-
sions. Accumulation of pericardial fluid under high intra-
pericardial pressure exceeding atmospheric pressure can re-
sult in a decrease of the normal mean transmural pressure 
gradient (11). In such cases during early and late diastole, 
instantaneous pressure differences are reversed (higher in-
Figure S. Patient 2. Parasternal short-
axis view at the mid ventricular level 
showing a large pericardial effusion 
(PE) encircling the heart and col-
lapse of the right ventricular free wall 
(arrows). Abbreviations as in Fig-
ures 1 and 2. 
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trapericardial pressure) causing collapse of the right ven-
tricular free wall in early diastole and collapse of the right 
atrial wall in late diastole. We propose a similar mechanism 
in our patients to explain the echocardiographic findings. 
Furthermore, in our patients, the fluid withdrawal caused a 
decrease in intrapericardial pressure to below atmospheric 
levels and reestablished a normal mean transm.ural (lower 
intrapericardial pressure) gradient with subsequent disap-
pearance of collapse of the right ventricular free wall and 
of the right atrial wall. These tense pericardial effusions can 
therefore produce a transmural pressure gradient, right ven-
tricular and atrial collapse seen echocardiographically and 
mild hemodynamic embarrassment detected by systolic time 
intervals in human subjects (10) and by hemodynamic in-
vasive monitoring in the experimental animal (9). However, 
these hemodynamic derangements may not be severe enough 
to produce clinical signs of cardiac tamponade. On the other 
hand, a lax pericardial effusion or accumulation of peri-
cardial fluid under minimal or slight increase in intraperi-
cardial pressure would not be expected to cause right atrial 
or ventricular collapse seen echocardiographically, and 
hemodynamic embarrassment would not be detectable 
clinically. 
Conclusion. Early diastolic collapse of the right ventri-
cle and late diastolic collapse of the right atrium are echo-
cardiographic manifestations of tense pericardial effusion 
resulting from compression of the heart and reversal of the 
normal transmural pressure gradient but are not pathogno-
em 
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monic signs of cardiac tamponade. Such compression of the 
heart demonstrable by these echocardiographic signs may 
not be of a magnitude severe enough to produce the hemo-
dynamic embarrassment required to produce the clinical 
signs of cardiac tamponade. 
We are grateful to James Millerick for preparation of the illustrations and 
to Diane Gallagher, CMT for her tireless secretarial efforts. 
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